n 44 patients with tuberculosis of the foot we identified five radiological patterns of lesions; cystic, rheumatoid, subperiosteal, kissing and spina ventosa. Cystic destruction had the best outcome and rheumatoid the poorest. All the patients were cured after antituberculous treatment for 18 months, and none required surgery. Tuberculosis has been known to mankind since the dawn of human civilisation but still remains a major problem in India and the developing world. Bones and joints are involved in 1% to 3% of all cases 1 and about 10% of osteoarticular tuberculosis affects the foot.
Tuberculosis has been known to mankind since the dawn of human civilisation but still remains a major problem in India and the developing world. Bones and joints are involved in 1% to 3% of all cases 1 and about 10% of osteoarticular tuberculosis affects the foot. [1] [2] [3] Although there is extensive literature on osteoarticular tuberculosis, there have been few studies on the involvement of the foot.
Patients and Methods
Between January 1994 and December 1996 we treated 44 immunocompetent patients who had tuberculous infection of the foot. Seven had a soft-tissue infection only and 37 had lesions in bone. Of the latter, there were 20 women and 17 men whose age range was from four to 63 years, with most aged between 25 and 40 years. Five had discharging sinuses at the time of presentation, but none had active pulmonary disease. All the patients with only a soft-tissue lesion had a biopsy for confirmation, but those with bone lesions did not undergo this, and their diagnosis was based on clinical and radiological features.
The treatment for all patients began with a fourdrug regimen using rifampicin, isoniazid, ethambutol and pyrazinamide for two months, followed by rifampicin and isoniazid for 16 months. Each received 10 mg of pyridoxine daily. The patients were followed up by plain radiography, with haematological and liver-function tests every three months during treatment. After completion of their drug regime, they were reviewed twice at intervals of six months. In those in whom weight-bearing was very painful, walking with crutches, avoiding taking weight on the affected foot, was advised.
Results
The calcaneum was the most common bone involved, and in 14 patients, two or more bones were affected. Lesions were present in the calcaneum in 17 patients, the metatarsals in 18, the phalanges in 15 and the osteotarsal bones in 12. We observed five patterns of bone lesions:
Cystic. This type of lesion, as seen in the calcaneum, had a well-defined radiolucent area with loss of trabeculae in the middle of the bone, but no sequestrum (Fig. 1a) ; when found in other bones it was often associated with a sequestrum (Fig. 1b) . Cystic lesions were seen in 15 patients.
Rheumatoid. This was seen in the midfoot of ten patients. There was a loss of articular cartilage and osteoporosis of all the tarsal bones, except the talus and the calcaneum, giving the appearance of a coalesced mass of bone, similar to the lesions seen in the carpus in rheumatoid arthritis (carpal coalition) (Fig. 2) . Infection in the midfoot spread rapidly to many joints because of their intercommunicating synovial spaces. 1 Subperiosteal. In seven of our patients subperiosteal scalloping of bone was seen on the lateral surface of the cuboid, the base of the fifth metatarsal and the head of the talus (Fig. 3) .
Kissing. In four patients the infection was localised to one joint and symmetrical scalloped lesions had developed on the adjacent articular surfaces of the bones (Fig. 4) .
Spina ventosa. Spina ventosa, which occurs in short tubular bones especially in childhood, was present in one patient. There was a spindle-shaped expansion with successive layers of periosteal new bone (Fig. 5) .
A periosteal reaction was seen only in the metatarsals and phalanges, and in the presence of sinus formation. Localised osteoporosis was common. Soft-tissue swelling associated with osseous lesions was slight, probably because the bones of the foot are covered by tendons and tight fascial sheaths which resist distension.
Clinical signs of healing included a decrease in pain and swelling, disappearance of sinuses, improvement in gait and gain in body-weight. They were evident in most patients as early as five weeks. Radiological features of 'healing' were seen after four to five months of treatment.
At the end of treatment all discharging sinuses had healed. No patient had toxicity or resistance to antituberculous drugs and none required surgical intervention.
Discussion
The spine and hip are the most common sites of osteoarticular tuberculosis. It is most easily diagnosed in these areas. 4 By contrast, tuberculosis of the foot and ankle is less common and is detected at a more advanced stage. 3 Any of the joints of the foot can be affected either alone or in combination, but the midtarsal joints are the most common site. 3 The bones involved are usually the calcaneum, talus, first metatarsal, navicular and medial and intermediate cuneiforms. 1 The symptoms are those usually seen in musculoskeletal disorders; pain, stiffness, and swelling 5 of the foot. There is, characteristically, early muscle atrophy. 5 The significance of a history of trauma, 5 reported by onethird of patients, is unknown. The ESR is almost always elevated in patients with tuberculosis. 2, 4, 6 Pulmonary involvement is uncommon.
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Osteoarticular tuberculosis is a paucibacillary lesion and it is difficult to demonstrate or culture acid-fast mycobacteria from these lesions. In endemic regions, the clinical features, radiological appearance and elevated ESR are suf- Radiographs showing a cystic lesion a) without a sequestrum in the body of the calcaneum and b) with a sequestrum in the cuboid. Radiograph showing a rheumatoid type of lesion in the midfoot. Radiograph showing a subperiosteal lesion in the first proximal phalanx.
Fig. 4
Radiograph showing a kissing type of lesion involving the cuboid and the base of the fifth metatarsal.
ficient to diagnose tuberculosis 10 and begin treatment.
Although biopsy is indicated only in doubtful cases, in regions where tuberculosis is not endemic, histopathological or microbiological confirmation should be mandatory. Imaging studies play a critical part in the diagnosis of tuberculosis of bones and joints. On plain radiographs the earliest changes may be erosions at the peripheral margins of a joint. 11 MRI can demonstrate lesions in and adjacent to bone before they are evident on plain radiography. Periarticular osteoporosis occurs because of disuse atrophy and the direct action of toxins. The 'joint space' may be preserved since it can take a considerable time for enough destruction of cartilage to occur to cause radiological narrowing. 12 Phemister's triad of periarticular osteoporosis, marginal erosions and narrowing of the joint space is the radiological feature of osteoarticular tuberculosis. 13 Formation of a sequestrum may occur. If present, sequestra are small and few in number. 1 The radiological appearances of rheumatoid arthritis, particularly when monoarticular, osteoarthritis, gout, neuropathic joints, sarcoidosis and neoplasms may be similar, but can be distinguished from those of osteoarticular tuberculosis. 6, [14] [15] [16] A prolonged course of antituberculous drugs is the basis of treatment. Surgery is an adjunct to the drugs and was not required in our patients. Debridement and curettage may be indicated in non-healing lesions. Resection of a destroyed or sequestrated phalanx or metatarsal is rarely necessary. 1 The radiological evidence of healing includes a decrease in osteoporosis with repair of scalloped lesions and focal sclerosis. In our patients who had substantial loss of a phalanx, healing was characterised by reappearance of the bone mass.
The rheumatoid type of lesion often showed loss of the medial longitudinal and transverse arches of the foot (Fig.  6 ) with healing. This was probably due to destruction of the intertarsal ligaments and tarsal bones. Misshapen bones and stiffness of the intertarsal ligaments cause loss of shape and suppleness of the foot. If bony ankylosis has not occurred, walking on uneven surfaces often becomes painful despite no active infection in the area. Discomfort or pain in the foot impairs function and triple arthrodesis may be required. Treatment of cystic lesions restored a painless normal gait. Subperiosteal lesions had a similar outcome. For the kissing type of lesion we had variable results depending on the site and the amount of destruction before adequate treatment had commenced. The bony swelling of spina ventosa may persist for a long time and may not always resolve after treatment.
Tuberculosis should be suspected in cases of long-standing pain in the foot, especially in endemic areas. Unlike pulmonary lesions, bone and joint tuberculosis should be treated with antituberculous drugs for more than nine and preferably for 18 months. 10 Surgery should be reserved only for lesions which fail to heal after adequate chemotherapy.
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Fig. 5
Radiograph showing thickening and sclerosis of the fifth proximal phalanx -a spina ventosa. Radiograph showing loss of the longitudinal arch in a rheumatoid type of lesion.
